Aims: To report the weight loss findings after the first year of a lifestyle intervention trial among women with gestational diabetes mellitus (GDM).
| INTRODUCTION
Gestational diabetes mellitus (GDM) is increasingly common around the world. [1] [2] [3] In China, the prevalence of GDM increased from 2.4% in 1999 to 8.1% in 2012, 4, 5 with similar levels now to those in the United States (~7%) and Europe (~6%). 1, 2 Among women diagnosed with GDM,~30% to 50% will develop type 2 diabetes within 5 years of the index pregnancy. 6, 7 Women with GDM usually have a higher body weight before pregnancy, during pregnancy and after delivery compared with women without GDM. 5, 8, 9 Meanwhile, overweight and obesity are associated with an increased risk of diabetes. A recent meta-analysis has shown that a 1-unit increase in body mass index (BMI) increases the risk of diabetes by 18%. 
| PARTICIPANTS AND METHODS

| Study design and participants
The Tianjin Gestational Diabetes Mellitus Prevention Program is a 2-aim, 4-year RCT being carried out at the Tianjin Women's and Children's Health Centre, Tianjin, China. 14 The study design, including recruitment, screening visits, inclusion and exclusion criteria, has been described in detail elsewhere. [14] [15] [16] [17] [18] We recruited women (aged 
| Randomization and masking
Participants were randomized after the project physician and project director had determined that they: demonstrated satisfactory interest in joining a lifestyle intervention during the run-in; expressed willingness to continue in the trial regardless of the group to which they might be randomly allocated; met all inclusion/exclusion criteria; and provided all baseline data. The Statistical Package for Social Sciences was used to generate a list of 1200 random allocation statuses, and the list of random assignments was kept centrally by an independent person. After exclusion, 1180 eligible women with GDM were randomly assigned (1:1) to receive a 4-year lifestyle intervention (intervention group) or standard care (control group; Figure S1 ). Because of the nature of the intervention, the participants and study coordinator could not be blinded to the study group assignment; however, the team members involved in assessing outcomes of the participants and data analysts were blinded to group assignment.
| Lifestyle intervention
The intervention methods have been described in a previous report. 14 The present description is limited to the first year of the trial. Major elements of the intervention included 6 face-to-face sessions with study dieticians and two telephone calls in the first year.
| Intervention group
The first year of the intervention was a weight loss phase, which included the first 4 weeks dietary intervention. In the first week, each participant met one-on-one with a dietician who instructed the participant on how to achieve the 5 goals of the intervention: (1) 
| Usual care group
Before randomization the women in the usual care group were educated regarding the general principles of healthy lifestyle that can aid type 2 diabetes and obesity prevention, and were also informed about the current evidence showing that the lifestyle intervention is effective in women at high risk of type 2 diabetes. They were given general oral and written information about awareness of diabetes, dietary modification and physical activity increase at subsequent annual visits, but no specific individualized programmes were offered.
They completed a questionnaire on changes in major dietary and exercise habits, 3-day 24-hour food records and questionnaires at baseline and at the first year annual visit. The completeness of the food records was checked at the face-to-face session with a dietician at each visit.
| Measurement
All study participants filled in a questionnaire on their sociodemo- Changes in lifestyle were measured using a questionnaire on changes in major dietary and physical activity habits from the last visit, a 3-day 24-hour food record was completed at each clinical visit by women in the intervention group, and a 3-day 24-hour food record and a self-administered questionnaire was completed at the first year annual visit. The performance of 3-day 24-hour food records, 21 the food frequency questionnaire, 21 and the questionnaire assessing physical activity 22, 23 were validated in the China National
Nutrition and Health Survey in 2002.
Body weight, height, waist and hip circumferences, body fat (measured using Tanita Body Composition Analyzers SC-240), blood pressure, and heart rate were measured in all women using the standardized protocol at the baseline and first year annual visits. Body weight was measured at each clinical visit in women in the intervention group.
| Statistical analysis
The primary outcome of the present analyses was the change in body weight or percentage reduction in initial weight from baseline to year 1. The secondary outcomes included changes in waist circumference, body fat, energy intake and leisure-time physical activity from baseline to year 1. We also assessed changes in body weight, energy intake, leisure time physical activity from baseline to months 1, 3, 6 and 9 among women in the intervention group. A 2-tailed paired t test if normal distribution was not rejected, or Mann-Whitney U test otherwise, was used to analyse the differences in continuous measures while the χ 2 test was used to compare the differences in categorical measures between the two groups at baseline and at year We performed an intention-to-treat analysis in which long-term weight loss for people who withdrew early from the study (after at least 3 months of participation) was imputed on the basis of a rate of 0.3 kg per month of regained weight after withdrawal. 24 Weight regain was estimated from time of dropout up to 3, 6, 9 or 12 months according to this rate, however, regain was truncated at no change from baseline whenever the extrapolation would lead to a positive weight gain. When an individual's weight at dropout represented a gain in weight relative to baseline, no additional gain was imputed, but the unfavourable gain was simply carried forward to 3, 6, 9 or 12 months as needed. Zero weight change was assumed for 10 participants who did not return after 3 months and all participants in the control group who did not attend the year 1 visit. Waist circumference and body fat were also analysed according to the intention-to-treat principle, with zero change from baseline imputed for missing data.
| RESULTS
Between August 1, 2009, and July 31, 2011, we recruited and randomly assigned 1180 women into the intervention group (n = 586) or the control group (n = 594; Figure S1 ). Of these women, 930 (79%) completed the year 1 study visit. The completion rates were 78.5% in the intervention group and 79.1% in the control group (P = .83).
Baseline characteristics were similar among all participants assigned to the intervention or the control group, and among participants assigned to the intervention or the control group who completed the year 1 study, as well as between all participants and those who completed the year 1 study (Tables 1 and Table S1 ).
At the end of year 1, mean weight loss among all participants was 0.64 kg (0.86% of initial weight) in the intervention group and 0.07 kg (0.02% of initial weight; P = .002; P = .003) in the control group ( Figure 1A,C) . Among 79% of participants who completed the year 1 study, mean weight loss was 0.82 kg (1.12% of initial weight)
in the intervention group and 0.09 kg (0.03% of initial weight; P = .001; P = .002) in the control group (Table 2 and Figure 1B ,D).
Compared with women in the control group, women in the intervention group had a greater decrease in waist circumference (1.39 cm vs 0.58 cm in all participants, P = .004; 1.76 cm vs 0.73 cm among those who completed the year 1 study, P = .003 [ Table 2 and Figure 1E ,F]) and body fat (0.39% vs 0.04% increase in all participants, P = .001; 0.50% vs 0.05% increase among those who completed the year 1 study, P = .001 [ Table 2 and Figure 1G ,H]). Women in the intervention group were also more likely to achieve the goals of intervention compared with those in the control group: weight reduction goal among overweight women at baseline 30.2% vs 17.5%, P = .003; exercise goal among all participants: 22.4% vs 14.3%, P = .001, respectively (Table 2 ).
In a prespecified subgroup analysis, weight loss was more pronounced in women who were overweight (BMI ≥24 kg/m 2 ) at baseline and completed the year 1 study: mean weight loss was 2.01 kg (2.87% of initial weight) in the intervention group and 0.44 kg (0.52% of initial weight; P < .001) in the control group (Table 2 and Figure 1B,D) . Women in the intervention group who were overweight at baseline were more likely to decrease their waist circumference and body fat compared with overweight women in the control group (P < .001; Figure 1E -H). 
| DISCUSSION
The principal finding of the present study was that the 1-year lifestyle intervention shortly after delivery led to a significant weight loss in women who had recent history of GDM, and the effect was more pronounced in those who were overweight after delivery. Lifestyle intervention also decreased waist circumference and body fat among the women. Approximately 6% to 14% of pregnancies worldwide are affected by GDM. [1] [2] [3] [4] [5] Women with GDM are 7 times more likely to develop type 2 diabetes than those without GDM. 6, 7 Women with GDM usually have a higher body weight before pregnancy, during pregnancy and after delivery, and higher postpartum weight retention compared with women without GDM. 5, 8, 9 To our knowledge, no successfully Changes in body weight, percentage reduction of initial weight, waist circumference and body fat from baseline to year 1 in the participants in the intervention and control groups. Panels A, C, E and G show the change in body weight, the change in percentage reduction of initial weight, the change in waist circumference, and the change in body fat, respectively, for all participants (a total of 1180 women); missing data were imputed. Panels B, D, F and H show the change in body weight, the change in percentage reduction of initial weight, the change in waist circumference, and the change in body fat, respectively, for participants who completed the year 1 visit (a total of 930 women) FIGURE 2 Changes in body weight and percentage reduction of initial weight from baseline to the end of month 1, 3, 6, 9 and 12 among participants who completed study visits modestly reduced postpartum weight retention and increased vigorous-intensity physical activity during the first 12-month postpartum period. 26 It seemed that the reduction in postpartum weight retention might be explained by the significant increase in vigorous intensity activity among women in the intervention group because no differences were observed for changes in daily total energy intake. 26 One recent cohort study showed that 81% of women had higher body weight at 3 months postpartum compared with their body weight before pregnancy, and 74.4% of women lost weight from 3 to 12 months postpartum; this weight loss might be associated with changes in breastfeeding status and leisure time physical activity. 27 It has been shown that most women naturally lose weight throughout the breastfeeding process 28 ; thus, an increase in physical activity and breastfeeding exclusively might help women diagnosed with GDM to manage their weight during the early postpartum period.
The present study found that lifestyle intervention led to a significant weight loss in women with GDM, and the effect was more pro- An important strength of the present study is that it is the largest RCT to date on type 2 diabetes prevention through diet and lifestyle modifications in women with GDM at 1 to 5 years postpartum. A limitation of the study is the 79% retention rate during the follow-up;
however, the retention rate of the present RCT is similar to that of another large weight loss RCT, the POUNDS Lost study (80%), 29 and higher than those of other large GDM intervention RCTs, such as the Gestational Diabetes' Effects on Moms study (67.3%). 26 In addition, an intention-to-treat analysis that included all randomized participants was conducted in the present study.
The 1-year lifestyle intervention led to significant weight loss after delivery in women who had been diagnosed with GDM 1 to 5 years earlier. The efficacy was more pronounced in those who were overweight at
